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Abstract 
This paper reports on the integration of a consultancy physical model of a hydrotechnical structure into teaching material at a 
Malaysian engineering university.  A significant part of the syllabus for hydraulics in the Civil Engineering Department, 
Universiti Teknologi PETRONAS, Malaysia is dedicated to the hydraulic design of energy dissipation structures and spillways.  
The designed lessons are supported by a series of lectures and a case study involving homework, laboratory demonstration and 
field visit.  Furthermore, the legacy of a real-world consultancy project on scale modelling of a large flow regulating pond is 
integrated into the course.  A significant part of the modelling investigation was the laboratory reproduction of an adverse erosion 
process below a large stilling basin and its concrete apron.  Following the completion of the consultancy project, the facilities 
have been used for hands-on lessons on hydraulics. Students’ responses towards this innovative teaching approach 
are presented and discussed.  
1. Introduction 
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1. Introduction 
    Hydraulics, which is known as one of the important basic subjects for the Civil Engineering undergraduate 
students, is an introductory subject to the water engineering courses.  The subject is designed to convey a basic 
understanding of the hydraulics of rivers, waterways and man-made structures (Chanson, 2001). It is assumed that 
the students have had basic understanding on the principles of engineering fluid mechanics.  Achieving a balance 
between teaching fundamental principles and the application of those principles continues to be a challenge (Tullis 
& Tullis, 2001).  Students are normally exposed to too much theory and little practical information on the 
application of basic principles.  Practical applications are important to allow students to apply the theories that they 
have learned.  The challenge to hydraulics educators is to incorporate many of the engineering aspects into the 
coursework (Weiss & Gulliver, 2001).  Graduating engineers also need experience and competence in real-world 
engineering problems (Tullis & Tullis, 2001).  Quality, real-world design problems can often be gleaned from 
research projects, consultancy projects, or supplied by engineering firms (Tullis & Tullis, 2001). 
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     A consultancy project involves technical discussion between clients and problem solvers. It takes place if the 
clients seek expert knowledge or some opinions on some engineering problems or anything that involves 
engineering matters.  In water engineering projects for instance, the consultancy project may be carried out in the 
form of physical modelling. In physical modelling, the prototype is addressed by the actual size of the structure to be 
studied while the model is the scaled down version of the prototype.   
     This paper aims at sharing the experience of integrating a consultancy hydrotechnical physical model into 
teaching hydraulics at a Malaysian university. Following the completion of the consultancy project, the facilities 
have been used for hands-on lessons on hydraulics. Students’ responses towards this innovative teaching approach 
are presented and discussed.  
2.  Consultancy hydrotechnical physical model 
 
The consultancy physical model involves an experimental investigation of bed erosion of a large embankment 
pond situated between a tailrace tunnel and a downstream river.  The pond has a volume of 1.5 x 106 m3 and a plan 
area of 820 m x 300 m.  It temporarily stores the outflow of a hydropower station before it is released to the river. 
The reservoir of the respective large hydropower dam receives additional water from several adjacent rivers. 
Therefore, the usual discharge from the turbines during high electricity generation is greater than the capacity of the 
river, leading to a need to reduce the outflow by routing through the pond storage.  The pond floor is made of five 
layers of compacted soil with a total thickness of 1.2 m.  A HDPE (High Density Polyethylene) liner covers the 
whole pond floor and provides for impermeability of the pond.  
       
The outflow from the turbines is the inflow to the partially filled pond. The sequence of this submerged flow is as 
follows: the flow issues from a tailrace tunnel, moves through a diverging stilling basin, rushes over a wide concrete 
apron with two series of baffle blocks, moves slowly towards the outlet structure on the other end of the pond as free 
surface flow, and finally joins the river through large culvert outlets (Saiedi et. al, 2010). The terminal part of the 
tailrace tunnel is a combination of the stilling basin and the concrete apron, referred here as the tailrace outfall 
structure (TOS).  A few years after the commissioning of the pond, it was noticed that the pond floor at the front of 
the TOS was seriously eroded and the protecting HDPE liner was ruptured, endangering the pond including the 
opposite embankment (Saiedi et. al, 2010).  Figure 1(a) shows the prototype of damages observed at the areas in 
front of the pond.  A major study was conducted to find the cause and remedy for the damages.  A large part of the 
investigative method was the physical modeling of the erosion of the pond floor at the front of the TOS.  The model 
was made with a geometric scale of 1:36.  The scaled down model built in the laboratory is as shown in Figure 1(b). 
 
 
 
       
               (a)       (b) 
Figure 1. The tailrace outfall structure (TOS) of the pond (a) prototype (b) model  
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3.  Integration of consultancy project into teaching hydraulics 
3.1. Hydraulics course  
Hydraulics course is one of the basic water subjects in the Civil Engineering curriculum which focuses on the 
engineering aspects of flow characteristics in rivers (open channel flows) as well as the design of hydraulic 
structures (dam, culvert, spillways, energy dissipaters etc.).  The hydraulics course is normally offered to the second 
year students during their undergraduate studies. In Universiti Teknologi PETRONAS (UTP), Malaysia, the 
designed lessons for the hydraulics are supported by a series of lectures and a case study involving homework, 
laboratory and field visit.  Following the completion of the consultancy project, the facilities have been used 
for hands-on lessons in the hydraulics course.  Herein, the students are acquainted with the TOS consultancy 
physical model through laboratory demonstration.  Lecturers thoroughly explain the whole concept of the model as 
well as functions of each structure built in it at the beginning of the demonstration.  Later, several test runs are 
introduced so as to show the characteristics of flows in the pond.  Eventually, the response of the pond floor (sand 
bed) towards the TOS structure can be seen at the end of the test runs when the pond is left emptied.  The floor 
which is normally made flat at the beginning of a test run (Figure 2a) would exhibit certain amount of erosions and 
depositions (Figure 2b). 
 
 
          
                                                                         (a)                                                                             (b)  
                                 Figure 2.  Overview of pond surface: (a) Leveling the pond surface prior to conducting experiments,  
                                                 and (b) Erosions and depositions on the surface pond observed after experiments 
3.2. Students’ response 
This paper aims at sharing students’ response towards the idea of integrating the consultancy hydrotechnical 
model into teaching hydraulics in UTP.  During the January 2012 semester, a total of 54 hydraulics students with 
statistics as given in Table 1, were brought to the laboratory to visit the TOS consultancy physical model.  The so 
called internal field trip was carried out during a two-hour laboratory period.   
 
Table 1. Students participation for the internal field trip 
 
Gender Quantity  Race  Quantity 
   Male 
   Female 
31 
23 
   Malay 
  Chinese 
  India 
  Others 
36 
15 
1 
2 
Total 54   54 
 
After the laboratory demonstration has been carried out, questionnaires were distributed to the students in order 
to get some insights on their response towards the visit to the model.  This would allow the lecturers to understand 
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the effectiveness of such activities and at the same time to improve the methods of delivery of the demonstration in 
the future. 
In general, the analysis of the questionnaires revealed positive feedbacks about the laboratory demonstration. Out 
of the 54 respondents, 78% strongly agreed that the consultancy physical model portrays an example of a real world 
hydraulic design project.  75% of them had never seen/visited such model before while a minority of them had more 
or less acquainted with such structure (Figure 3).  When asked whether the model was able to provide better 
understanding on the theories learned during lectures, 81% strongly agreed to the statement, as shown in Figure 4.  
In conjunction to this, 52% strongly agreed that the laboratory demonstration enhanced their interests further in the 
subject of hydraulics (Figure 5).  This supports the idea that the model is an example of an innovative approach in 
teaching undergraduate studies, with 61% strongly agreed to it.  Overall, 65% of the students felt delighted while the 
remaining 35% were satisfied with the laboratory demonstration as well as the TOS consultancy physical model.  
All of them strongly recommended other civil engineering students to visit the model. 
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Figure 4. The model being able to provide better 
understanding on the theories learned during lectures 
Figure 3. Student’s experience in encountering 
(visit/seen) similar structure to that of the TOS model 
Figure 5. The model being able to provide better 
understanding on the theories learned during lectures 
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Conclusions 
This paper is aiming at sharing students’ response on the integration of a consultancy hydrotechnical model into 
teaching an engineering course.  The case study involves a class of hydraulic students of the Universiti Teknologi 
PETRONAS, Malaysia.  Following the completion of the so called tailrace outfall structure (TOS) consultancy 
project, the students were given the opportunity to visit the facilities.  Questionnaires were distributed among 
students in order to understand their response towards this visit.  Generally, a majority of students showed positive 
response towards the idea of integrating a consultancy model into teaching.  They agreed that the laboratory 
demonstration enhanced their knowledge on the theories learned during lectures. This integration can also be used as 
an initial platform to provide some basic engineering experience to the students.   
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